We have carried out a study of the chemical abundances of Ne in symbiotic stars (SSs) by means of a population synthesis code. We find that the ratios of the number of O-rich SSs to that of C-rich SSs in our simulations are between 3.4 and 24.1, depending on the third dredge-up efficiency λ and the terminal velocity of the stellar wind v(∞). The fraction of SSs with extrinsic C-rich cool giants in C-rich cool giants ranges from 2.1% to 22.7%, depending on λ, the common envelope algorithm and the mass-loss rate. 
Introduction
Symbiotic stars (SSs) are usually interacting binaries, composed of a cool star, a hot component and a nebula. The cool component is a red giant which is a first giant branch (FGB) or an asymptotic giant branch (AGB) star. The hot component is a white dwarf (WD), a subdwarf, an accreting low-mass main-sequence star, or a neutron star (Kenyon & Webbink 1984; Mürset et al. 1991; Yungelson et al. 1995; Iben & Tutukov 1996) . In general, SSs are low-mass binaries with an evolved giant transferring materials to a hot WD companion which burns the accreted materials more or less steadily (Miko lajewska 2007) . According to the observed characteristics of their specular spectra and photometries, SSs may stay in either the quiescent phase or the outburst phase. During the quiescent phase, SSs are undergoing a stable hydrogen burning on the surfaces of the WD accretors. The outbursts may be due to either the thermonuclear outbursts on the surfaces of accreting WDs which are called as symbiotic novae (Tutukov & Yungelson 1976; Paczyński & Rudak 1980) , or accretion-disk instabilities around a nearly steady burning WDs which are called as multiple outbursts (Mitsumoto et al. 2005; Miko lajewska 2007) . Recent reviews of the properties of SSs can be found in Mürset & Schmid (1999) and Miko lajewska (2003, 2007) .
The cool components usually have a high massloss rate in the SSs with WD accretors. Their stellar winds have the chemical abundances of the red giants. Parts of the stellar winds are ionized by the hot components. The abundance determinations with nebular diagnostic tools are possible (Schild, Boyle & Schmid 1992) . SSs provide a good opportunity for measuring the abundances of the red giants. The hot components may support an additional high-velocity wind during the sym-biotic nova outbursts (Kenyon & Webbink 1984) . High-velocity outflows have been observed in very broad emission lines in essentially all the symbiotic novae (Kenny & Taylor 2005) . Livio & Truran (1994) analyzed classical nova abundances and concluded that enhanced concentrations of heavy elements are significant. Therefore, the abundances of the ejected materials from the hot components in SSs may be different from those of the cool giant stellar winds. However they are similar to those of the classical novae. In general, the hot components have high luminosity and effective temperature (They are similar to the central stars of planetary nebulae. See Figure 5 in Mürset et al. 1991 ) so that they can ionize the nebulae. In some eruptive SSs, the nebulae can also be ionized by the region where the winds from the hot and cold components collide (Willson et al. 1984) . It is difficult to determine the origin of the nebulae in SSs. Based on emission line fluxes from C III , C IV , N III , N IV and O III , Nussbaumer et al. (1988) found that the CNO abundance ratios of the nebulae in SSs are in the transition region from giants to supergiants and concluded that the nebula is mainly due to mass lost by the red giant. On the other hand, Nussbaumer & Vogel (1989) suggested that the flux ratios of the emission line depend on the relative abundances of the two winds in their study on Z And. Vogel & Nussbaumer (1992) found that CNO abundance ratios of PU Vul are of the characteristic of novae.
In short, SSs offer an exciting laboratory for studying novae, the red giants and the interaction of the two winds. The chemical abundances of the ejected materials from the hot components, the stellar wind of the cool components and the symbiotic nebulae are the key factor to understand them. Up to now, a series of observational data of the chemical abundances in SSs have been published. Nussbaumer et al. (1988) , De Freitas Pacheco & Costa (1992) , Costa & de Freitas Pacheco (1994) and Luna & Costa (2005) gave the chemical abundances of some symbiotic nebulae. Schild, Boyle & Schmid (1992) and Schmidt et al. (2006) showed the chemical abundances of the cool giants in several SSs. However, there are few theoretical studies about it. Recently, Kovetz & Prialnik (1997) and José & Hernanz (1998) carried out detailed numerical simulations for the chemical abundances of the novae with CO WD or ONe WD accretors. This makes it possible to simulate the chemical abundances of the symbiotic novae. Groenewegen & de Jong (1993) , Wagenhuber & Groenewegen (1998) , Karakas, Lattanzio & Pols (2002) , Izzard et al. (2004) , Izzard (2004) and Marigo & Girardi (2007) developed thermally pulsing asymptotic giant branch (TP-AGB) synthesis by which the chemical abundances of the cool components can be computed. Lü, Yungelson & Han (2006) (hereafter Paper I) constructed the models for the SSs' populations. According to the above results or models, it is possible to set up a preliminary model for theoretical study on the chemical abundances of SSs.
In the present paper, the study of the chemical abundances of SSs are carried out by means of a population synthesis code. In § 2 we present our assumptions and describe some details of the modeling algorithm. In § 3 we discuss the main results and the effects of different parameters. § 4 contains the main conclusions.
Model
For the binary evolution, we use a rapid binary star evolution (BSE) code of Hurley et al. (2002) . Below we describe our algorithm from several aspects.
Symbiotic Stars
Paper I carried out a detailed study of SSs. Comparing the observed distributions with the those predicted of the orbital periods and the hot component masses in SSs, it is worth to mention that there is remarkable disagreement between the observations and predictions.
Miko lajewska (2007) showed the distributions of the measured orbital period in about 70 SSs. The vast majority (∼ 75%) of these systems have orbital periods shorter than 1000 days while Paper I predicted the distribution of longer orbital periods. The main reasons results from two aspects:
1. It is hard to measure long orbital periods.
All the SSs with measured orbital periods in Belczyński et al. (2000) 2. In Paper I, SSs are detached binary systems and the process of mass transfer results from the stellar wind of cool giants. To our knowledge, if the mass ratio of the components (q = M donor /M accretor ) at onset of Roche lobe overflow (RLOF) is larger than a certain critical value q c , the mass transfer is dynamically unstable and results in the formation of a common envelop in short time scale (about 100 years). The issue of the criterion for dynamically unstable RLOF q c is still open. Han et al. (2001 Han et al. ( , 2002 showed that q c depends heavily on the assumed mass-transfer efficiency. Paper I adopted q c after Hurley et al. (2002) in which the mass-transfer efficiency is 1. In Paper I, q c is usually smaller than 1.0. The observed M giant /M WD s in SSs are between 2.0 and 4.0 and the predicted those in Paper I are from 1.0 to 4.0, which means that there should not be stable RLOF in SSs. However, Miko lajewska (2007) suggested that RLOF can be quite common in symbiotic binaries with orbital periods shorter than 1000 days. If this were true, the theoretical model of mass transfer should be advanced. But this is out of the scope of this paper.
The disagreement between the observed and the predicted distributions of orbital periods in Paper I resulted from observational biases and poor knowledge of the mass transfer mechanism. Miko lajewska (2007) showed that most of SSs have WD masses less than 0.6 M ⊙ , while Paper I predicted the distribution of higher WD masses. The disagreement is due to the following:
1. For mass estimates, an orbital inclination of i = 90 0 or a limit to i (see table 2 in Miko lajewska (2003) ) is typically assumed, hence the estimates are lower limits.
2. Paper I used the mass-loss law suggested by Vassiliadis & Wood (1993) for AGB stars. However, Miko lajewska (2007) suggested that both the symbiotic giants and Miras have higher mass-loss rates than single giants or field Miras, respectively. Therefore, Paper I may have overestimated the hot component masses.
In short, due to poor knowledge of the mass loss from the giants and the mass transfer mechanism in SSs, Paper I can only crudely predict some observed characteristics. In this work, we accept still all the criterions and the concepts on SSs in it. Following Paper I, we assume that binary systems are considered as SSs if they satisfy the following conditions:
• The systems are detached.
• The luminosity of the hot component is higher than 10L ⊙ which is the 'threshold' luminosity for the hot component of SSs as inferred by Mürset et al. (1991) and Miko lajewska & Kenyon (1992) . This may be due to the thermonuclear burning (including novae outbursts, stationary burning and post-eruption burning).
• The hot component is a WD and the cool component is a FGB or an AGB star.
The liberation of gravitational energy by the accreted matter may make the luminosity of the component larger than 10L ⊙ . A detailed accretion model of SSs was discussed in Paper I. Here, we do not model it. All symbiotic phenomena in our work are produced by the hydrogen burning on the WD surface. All SSs should stay in one of the following three phases:
• the stable hydrogen burning phase;
• the thermonuclear outburst phase (symbiotic nova);
• the declining phase after a thermonuclear outburst.
Paper I and the present paper do not simulate the accretion disk in SSs. As mentioned in the Introduction, the multiple outbursts due to the accretion-disk instabilities usually occur around nearly steady burning WDs (Miko lajewska 2007).
In this work, they can be included in the quiescent SSs which are undergoing the stable hydrogen burning. SSs are complex binary systems. There are many uncertain physical parameters which can affect the population of SSs. Paper I showed that the numbers of SSs and the occurrences of symbiotic novae are greatly affected by the algorithm of common envelope evolution, the terminal velocity of stellar wind v(∞) and the critical ignition mass ∆M WD crit which is necessary mass accreted by WDs for a thermonuclear runaway. The structure factor of the stellar wind velocity α W and an optically thick wind give a small uncertainty. In this work, we use the models of SSs in Paper I and discuss the effects of the algorithm of common envelope evolution, v(∞) and ∆M WD crit on the chemical abundances of SSs. Other subordinate parameters are the same as in the standard model of Paper I.
Common Envelope: For the common envelope evolution, it is generally assumed that the orbital energy of the binary is used to expel the envelope of the donor with an efficiency α ce :
where E bind is the total binding energy of the envelope and ∆E orb is the orbital energy released in the spiral-in. Nelemans et al. (2000) suggested to describe the variation of the separation of components in the common envelopes by an algorithm. This algorithm is founded on the equation for the system orbital angular momentum balance which implicitly assumes the conservation of energy:
where J is the total angular momentum and ∆J is the change of the total angular momentum during common envelope phase. In the above formula, M and M e are respectively the mass and the envelope mass of the donor, and m is the companion mass. Following Nelemans & Tout (2005) and Paper I, we call the formalism of Eq. (1) α-algorithm and that of Eq. (2) γ-algorithm, which are respectively simulated in different cases (see Table 1 ). We take the 'combined' parameter α ce λ ce as 0.5 for α-algorithm. λ ce is a structure parameter that depends on the evolutionary stage of the donor.
For γ-algorithm, γ = 1.75.
v(∞):
It is difficult to determine the terminal velocity of stellar wind v(∞). Winters et al. (2003) fitted the relation between the mass-loss rates and the terminal wind velocities derived from their CO(2-1) observation by
(3) The mass-loss rate is given by the formulation of Vassiliadis & Wood (1993) 
where M WD is the mass of WD accretor and R WD is the radius of zero-temperature degenerate objects (Nauenberg 1972) ,
where M ch = 1.433M ⊙ and R ⊙ = 7 × 10 10 cm. Nelson et al. (2004) gave numerical fits to the critical ignition masses for novae models calculated by Prialnik & Kovetz (1995) . In most simulations, we adopt Eq. (4) for ∆M WD crit . However, in order to investigate the influences of the ∆M WD crit on our results, we also carry out a simulation for Eq. (A1) of Nelson et al. (2004) in which ∆M WD crit depends on the mass accretion rates and masses of WD accretors.
Chemical Abundances on the Surface of the Giant Stars
For a single star, three dredge-up processes and hot bottom burning in a star with initial mass higher than 4M ⊙ may change the chemical abundances of the stellar surface. We accept the prescriptions of §3.1.2 and 3.1.3 in Izzard et al. (2004) for the first dredge-up during the first giant branch and the second dredge-up during early asymptotic giant branch (E-AGB). For the third dredge-up (TDU) and the hot bottom burning during the TP-AGB phase, we use the TP-AGB synthesis in Groenewegen & de Jong (1993) , Karakas, Lattanzio & Pols (2002) , Izzard et al. (2004) , Izzard (2004) and Marigo & Girardi (2007 (Bondi & Hoyle 1944 ) and a conservative mass transfer during the stable Roche lobe overflow. After a star obtains ∆M from its companion, the chemical abundances of the stellar surface X 2 is given by
where M env is the envelope mass and X 1 is the chemical abundances of its companion.
Chemical Abundances of the Ejected
Materials from the Hot WD Accretors
The hot WD accretors eject materials from their surfaces. Kovetz & Prialnik (1997) and José & Hernanz (1998) showed detailed study on their chemical abundances during the thermonuclear outbursts. There is no direct observational evidence that SSs in the stable hydrogen burning phase and the declining phase lead to winds from the hot components. Theoretically, the hot companions have high luminosity and temperature during the above two phases. Some parts of the materials on the surface of the accreting WDs may be blown off due to high luminosity (Iben & Tutukov 1996) . To our knowledge, no literature refers to them in detail yet. However, their chemical abundances are possibly between those of the ejected materials during the thermonuclear outbursts and the stellar winds from the giant stars. In the present paper, we only give the chemical abundances of the ejected materials during the thermonuclear outbursts.
Based on the typical characteristics of the observed systems, nova outbursts are usually divided into symbiotic novae and classical novae. The classical novae can only last several days or weeks and the variation of their visual magnitudes are between -5 and -10. The symbiotic novae usually last several decades and the variation of their visual magnitudes are between -3 and -8. Thermonuclear runaways appear to be the most promising mechanism for classical novae (Kenyon 1986 ). Tutukov & Yungelson (1976) suggested that the above mechanism is applicable to symbiotic novae. The observational differences between the symbiotic novae and the classical novae may stem from the properties of the binary systems (Iben & Tutukov 1996) . The physical nature of the classical novae and the symbiotic novae is identical. Therefore, we assume that the thermonuclear outbursts occurring in our binary systems selected for SSs are the symbiotic novae.
Numerical studies of the nova outbursts have been carried out by Shara, Prialnik & Kovetz (1993) ; Kovetz & Prialnik (1994) ; Prialnik & Kovetz (1995) ; Yaron et al. (2005) . Kovetz & Prialnik (1997) published detailed multicycle calculations of the nova outbursts for CO WDs with mass ranging from 0.65 to 1.4 M ⊙ . In their simulations, the element abundances of nova ejecta are affected by the four basic and independent parameters: C/O ratio in the accreting WD, its core temperature T WD , the mass accreting ratė M WD and the mass M WD . In order to test the effect of the WD composition on the abundances of nova ejecta, Kovetz & Prialnik (1997) calculated the models with the accreting WDs composed of pure-C, pure-O and C/O=1, respectively. They found that the WD composition is not reflected in the abundances of ejecta. In an extensive study of close binary evolution, Iben & Tutukov (1985) showed that the AGB phase may be suppressed in a close binary and a WD formed in such a system should have a ratio very close to unity. In our work, we assume that the CO WD composition is C/O=1. A WD temperature of 10 7 K corresponds to an age of 10 9 yr (Iben & Tutukov 1984) . In fact, for most of SSs, the time interval between the formation of the WD and the beginning of the symbiotic stage may be longer than it, up to 10 10 yr (Yungelson et al. 1995) . Neglecting the effect of the nova outbursts on the temperature of WD accretor T WD , we assume that it is 10 7 K. We select 10 models in Kovetz & Prialnik (1997) in which T WD = 10 7 K and C/O ratio of the accreting WD is 1. Their element abundances are determined by the mass accreting rateṀ WD and M WD . By a bilinear interpolation (Press et al. 1992 ) of 10 models in Kovetz & Prialnik (1997) José & Hernanz (1998) gave the nucleosynthesis in the nova outbursts with CO and ONe WDs. In their calculations, the nova nucleosynthesis are affected by M WD ,Ṁ WD , the initial luminosity (or T WD ) and the degree of mixing between core and envelope. To test the effect of the WD mass, they carried out a number of simulations involving both CO WD (M WD =0.8, 1.0 and 1.15 M ⊙ ) and ONe ones (M WD =1.0, 1.15, 1.25 and 1.35M ⊙ ).Ṁ WD is 2 × 10 −10 M ⊙ yr −1 and their initial luminosity is 10 −2 L ⊙ . The degree of mixing between the core and the envelope is a very uncertain parameter. José & Hernanz (1998) modeled three different mixing levels: 25%, 50% and 75%. Their results showed that higher mixing degree favors the synthesis of higher metal nuclei in ONe WDs. Following Starrfield et al. (1998) , we adopt a 50% degree of the mixing. For the simulations of CO WDs in José & Hernanz (1998) , we select the three nova models (The degree of the mixing is 50%) to calculate the abundances of 20 Ne and 22 Ne by the fitting formulae:
where M WD is in solar unit and the formulae agree with the numerical results to within a factor of 1.1. In the above fits, the abundances of 20 Ne and 22 Ne depend weakly on M WD . The range of CO WD mass M WD is from ∼ 0.5 to 1.4 M ⊙ . The abundances of 20 Ne calculated by Eq. (7) are between ∼ 10 −3.13 and 10 −3.00 , and the abundances of 22 Ne are between ∼ 10 −3.35 and 10 −3.38 . Therefore, we use Eq. (7) to calculate X( 20 Ne) and X( 22 Ne) of all symbiotic novae with the CO WDs. For the nova of ONe WD, we fit data of Table 3 in José & Hernanz (1998) for a 50% degree of mixing by:
which agree with the numerical results to within a factor of 1.3.
We neglect other elements because their abundances are much smaller than the above elements or their isotopes. All abundances in the nova ejecta are renormalized so that their sum is 1.0.
Symbiotic Nebulae
In SSs, there may be two winds. One comes from the cool giant and its chemical abundances are similar to those of the red giant envelope and its velocity is between ∼ 5 and 30 km s −1 . The other may come from the hot components. The components during the symbiotic outbursts have the winds with a high velocity (∼ 1000 km s −1 ) although there is not a detailed description on the wind from the hot components during the quiescent phase and the declining phase (Kenyon 1986 ). Wind collision is inevitable in the symbiotic outbursts. Recently, Kenny & Taylor (2005 carried out a detailed study for the colliding winds in SSs. According to their simulations, the structure of the colliding winds (including temperature and density) is very complicated. Symbiotic nebulae should have a similar structure with the colliding winds at least during the symbiotic outbursts.
In order to avoid the difficulty of modeling the real symbiotic nebulae and study the nebular chemical abundances by population synthesis method, we assume roughly that the compositions of the symbiotic nebulae undergo two independent phases:
• The symbiotic nebula is mainly composed of the ejected materials from the hot WD when the thermonuclear runaway occurs and this phase last for t on . The lasting time scale t on on which the hot components are in a 'plateau' phase with high luminosity is given by Eq. (30) of Paper I. At this phase, the symbiotic nebula embodies the chemical characteristics of a nova.
• After t on , the symbiotic nebula is mainly composed of the stellar wind materials from the cool giants until the next symbiotic nova occurs. During this phase, the symbiotic nebula embodies the chemical characteristics of the cool giants in our models. For stable hydrogen burning SSs, the symbiotic nebula is always composed of the stellar wind materials from the cool giants.
However, some symbiotic novae have helium WD accretors. To our knowledge, no literature refers to their chemical abundance. According to Paper I, the occurrence rate of the symbiotic novae with helium WDs is at most about 1 75 of that with CO and ONe WDs. We do not consider SSs with helim WD accretors in this paper.
Basic Parameters of the Monte Carlo Simulation
We carry out binary population synthesis via Monte Carlo simulation technique in order to obtain the properties of SSs' population. For the population synthesis of binary stars, the main input model parameters are: (i) the initial mass function (IMF) of the primaries; (ii) the mass-ratio distribution of the binaries; (iii) the distribution of orbital separations; (iv) the eccentricity distribution; (v) the metallicity Z of the binary systems.
We use a simple approximation to the IMF of Miller & Scalo (1979) . The primary mass is generated using the formula suggested by Eggleton et al. (1989) 
where X is a random variable uniformly distributed in the range [0,1], and M 1 is the primary mass from 0.8M ⊙ to 8M ⊙ . For the mass-ratio distribution of binary systems, we consider only a constant distribution (Mazeh et al. 1992; Goldberg & Mazeh 1994) ,
where q = M 2 /M 1 . The distribution of separations is given by
where X is a random variable uniformly distributed in the range [0,1] and a is in R ⊙ . In our work, the metallicity Z=0.02 is adopted. We assume that all binaries have initially circular orbits, and we follow the evolution of both components by BSE code, including the effect of tides on binary evolution (Hurley et al. 2002) . We take 2 × 10 5 initial binary systems for each simulation. Since we present, for every simulation, the results of one run of the code, the numbers given are subject to Poisson noise. For simulations with 2 × 10 5 binaries, the relative errors of the numbers of the symbiotic systems in different simulations are lower than 5%. Thus, 2 × 10 5 initial binaries appear to be an acceptable sample for our study.
We assume that one binary with M 1 ≥ 0.8M ⊙ is formed annually in the Galaxy to calculate the birthrate of SSs (Yungelson et al. 1994; Han et al. 1995a,b) .
Results
We construct a set of models in which we vary different input parameters relevant to the chemical abundances of SSs. Table 1 lists all cases considered in this work. Many observational evidences showed that the terminal velocity of stellar wind v(∞) increases when a star ascends along the AGB (Olofsson et al. 2002; Winters et al. 2003; Bergeat & Chevallier 2005) . In this work, we take v(∞) calculated by Eq. (3) as the standard terminal velocity of stellar wind. Case 1 is the standard model in this work. The results of SSs' population are shown in Table 2 . Table 1 : Parameters of the models of the population of SSs. The first column gives the model number. Columns 2, 3, 4 and 5 show the mass-loss rateṀ , TDU efficiency λ, the minimum core mass for TDU and the inter-shell abundance, respectively. The detailed descriptions on the above parameters are given in Appendix A. The 6th 7th and 8th columns show the algorithm of the common envelope, the terminal velocity and the critical ignition mass, respectively. N04 in column 8 means Nelson et al. (2004) . Table 2 : Different models of the SSs' population. The first column gives the model number according to Table  1 . Column 2 shows the birthrate of SSs in the Galaxy. From columns 3 to 5, the number of O-rich SSs, C-rich SSs and all SSs are given, respectively. In the 3rd and 4th columns, the numbers in parentheses mean the numbers of O-rich and C-rich SSs in which we neglect the effects of the mass transfer in binary systems on the chemical abundances on their surfaces, respectively. Columns 6 and 7 show the ratios of the number of SSs in the cooling phase and the stable hydrogen burning phase to their total number, respectively. Columns 8, 9 and 10 give the occurrence rates of SyNe (symbiotic novae) with the accreting CO WDs, ONe WDs and total rates. Hurley et al. (2000) and in our work (See Eq. (A1)), respectively. Thin and thick dashed lines are the final masses in Hurley et al. (2000) and case 1 in this work, respectively. The dotted lines (from top to bottom) represent the relations from Girardi et al. (2000) , Herwig (1995) and Weidemann (2000) , respectively. The dotdashed line represent the relation from Han et al. (1994) .
Galactic Birthrate and the Number of SSs
First, we discuss the gross properties of the modeled population of SSs as those in Paper I. As Table 2 shows, the Galactic birthrate of SSs may range from 0.072 (case 8) to 0.160 (case 7) yr −1 and their number is from about 3070 (case 8) to 9620 (case 9). The occurrence rate of the symbiotic novae is between 1.2 (case 8) and 10.2 (case 9) yr −1 and the number of the symbiotic novae is from about 370 (case 8) to 1700 (case 7). The contribution of the symbiotic novae with ONe WD accretors to the occurrence rate is negligible in all cases, which is greatly different from that in Paper I. The main reason is the different stellar evolutions adopted during the TP-AGB phases.
All assumptions in cases 1 and 8 are respectively the same as those in case 7 and the standard model of Paper I except the stellar evolutions during the TP-AGB phase. The greatest difference of the TP-AGB phase between this work and Paper I is the initial-final mass relations. It is well known that the relation is still very uncertain. Fig. 1 shows the initial-final mass relations in different literatures. Using the mass-loss rate of Vassiliadis & Wood (1993) and assuming the classical core mass luminosity relation, Weidemann (2000) gave an initial-final mass relation which is plotted in Fig. 1 . The relation for the more massive stars in Girardi et al. (2000) is steep because TDU and hot bottom burning were not included. By applying new observational data (including NGC2168, NGC2516, NGC2287 and NGC3532) and improved theory (stellar evolution calculations including new opacities and main sequence overshoot; the extensive mass grid of WD cooling sequences including models with thick and thin He-and H-layer), Herwig (1995) gave an initialfinal mass relation which has a less slope than that in Girardi et al. (2000) for the more massive stars. Based on new stellar evolution calculations (including TDU and hot bottom burning) and new observational data, Weidemann (2000) showed an initial-final mass relation which has lower final mass than that of Herwig (1995) in the more massive stars. Using a criterion for envelope ejection in AGB or FGB stars, Han et al. (1994) obtained an initial-final mass relation which is very similar to that in Weidemann (2000) . Paper I accepted the description of Hurley et al. (2000) on TP-AGB evolution. The thin solid line and the dashed line in Fig. 1 represent the core mass at the first thermal pulse M c,1tp and the initial-final mass relations in Hurley et al. (2000) , respectively. In this paper, we obtain the final mass by the synthesis TP-AGB evolutions (Detailed descriptions can be seen in Appendix A ). The M c,1tp (See Eq. (8) in Karakas, Lattanzio & Pols 2002 ) and the final mass are shown by the thick solid and dashed lines in Fig. 1 , respectively. The relation of Hurley et al. (2000) is steeper than ours for M initial > 4M ⊙ (especially M initial > 6M ⊙ ) and gives a higher WD's mass than ours. In Paper I, we assumed that the ONe WD originates from a star with initial mass being between 6.1 M ⊙ and about 8 M ⊙ (Pols et al. 1998) . In this work, we still keep the above assumption. The masses of ONe WDs in this work are much lower than those in Paper I. A small mass of the accreting WD is unfavorable for producing the symbiotic phenomenon. Compared with case 7 and the standard model in Paper I, the birthrate, the number of SSs and the symbiotic novae decrease in cases 1 and 8. Especially, the occurrence rate of the symbiotic novae with accreting ONe WDs in case 1 is ∼ 3% of that in case 7 of Paper I, and in case 8 it is ∼ 5% of that in the standard model of Paper I. Therefore, the initial-final mass relation has great effects on the SSs' population and especially on the symbiotic novae.
Using the observational data in the last 25 years, Iben & Tutukov (1996) estimated that the occurrence rate of symbiotic novae is ∼ 1 yr −1 within a factor of 3. As Table. 2 shows, the occurrence rate in case 1 is ∼ 4 and close to the occurrence rate estimated by Iben & Tutukov (1996) . Under the same conditions, case 7 in Paper I gave a higher occurrence rate of ∼ 11.9 yr −1 . Obviously, an steep initial-final mass relation like that in Hurley et al. (2000) overestimates the occurrence rate of symbiotic novae. This indicates that the initial-final mass relations from Han et al. (1994) , Weidemann (2000) and the present paper are more reliable than steep ones. However, due to the complicity of SSs, the above point of view needs supports from further theoretical study and more observational evidence.
The Effects of Input Parameters
In this section, we discuss the effects of the input physical parameters on the SSs' population and the ratio of the number of C-rich SSs in which the cool companions are C-rich giants to that of O-rich SSs in which the cool companions are Orich giants. In Paper I, we analyzed the effects of the physical parameters ( the common envelope algorithm, the terminal velocity of the stellar wind v(∞) and the critical ignition mass of the novae ∆M WD crit ) on the SSs' population. They have a great effect on the SSs' population in our simulations, which is similar to those in Paper I. Table 2 shows, the common envelope algorithm and ∆M WD crit have weak effects on the ratio of the number of O-rich to that of C-rich SSs while the v(∞) in case 8 takes an uncertainty within a factor of about 1.6. With stars ascending along the AGB, the v(∞) in case 8 decreases while more C-rich giants are formed. A small v(∞) is favor for the formation of SSs. Therefore, the ratio of O-rich to C-rich SSs in case 8 decreases. The effects of other physical parameters are following. Mass-loss rate: Compared with Vassiliadis & Wood (1993) (see Eq. (A8)), the mass loss rate of Blöcker (1995)(see Eq. (A11)) greatly depends on stellar luminosity. When the cool giants ascend along the AGB, the luminosities gradually increase. Therefore, case 2 gives a higher mass-loss rate in the later phase during the AGB, which can increase the SSs' number of the stable hydrogen burning while decrease the SSs' number of the thermonuclear runaways. In general, C-rich giants are formed at a later phase of the AGB by the third dredge-up. The mass-loss rate in Blöcker (1995)(See Eq. (A11)) enhances the number of SSs and the number ratio of C-rich to O-rich SSs but decreases the occurrence rate of the symbiotic novae and their number. However, the effect is weak. TDU efficiency λ : Comparing cases 1, 3 and 4, we find that λ has a great effect on the ratio of O-rich to C-rich SSs' population. The effect of λ on stellar evolution has mainly two aspects, i.e. the core mass evolution and the changes of the chemical abundances in stellar envelope. The average dredge-up efficiency in case 1 is higher than that in case 3 (λ = 0.5) and approximated to that in case 4 (λ = 0.75). In cases 1, 3 and 4, the SSs' populations are almost the same. However, the number ratio of O-rich to C-rich SSs in case 3 is 4 times more than the ratio in cases 1 or 4. The minimum core mass for TDU M (A3)) is higher than 0.58M ⊙ . In case 1, a star with an initial mass higher than ∼ 2.0M ⊙ can undergo the third dredge-up, but only 1.5M ⊙ in case 5. Therefore, C-rich SSs are more easily produced in case 5. Its effect is within a factor about 1.5. The inter-shell abundances: As cases 1 and 6 in Table 2 show, the two different inter-shell abundances have no effect on the SSs' populations. In Izzard et al. (2004) , 16 O abundance of the intershell region is lower than that in Marigo & Girardi (2007) . The number of C-rich SSs in case 6 increases. However, the effect of the inter-shell abundances on ratio of O-rich to C-rich SSs is very weak.
In short, the mass-loss rate and the inter-shell abundances have very weak effect on the SSs' population and the ratio of O-rich to C-rich SSs. The TDU efficiency λ has a very weak effect on the SSs' population, while the number ratio of O-rich to C-rich SSs have a great dependence on λ.
C-rich SSs
Belczyński et al. (2000) presented a catalogue of SSs which includes 188 SSs as well as 28 objects suspected of being SSs. According to the spectral types of the cool components listed by the catalogue, one can find out 5 C-rich SSs in 176 Galactic SSs and the number ratio of O-rich to C-rich SSs is about 35. In our simulations, from cases 1 to 9, the number ratios of O-rich to C-rich SSs are about 5.5, 4.9, 24.1, 5.8, 3.6, 5.2, 5.6, 3.4 and 4.3, respectively. Our results are lower than the above observational ratio. In all cases, the ratio of case 3 with a low λ=0.5 is the closest to the ratio observed in Belczyński et al. (2000) . However, according to the typical TP-AGB synthesis (Groenewegen & de Jong 1993; Karakas, Lattanzio & Pols 2002; Izzard et al. 2004; Marigo & Girardi 2007) , λ=0.5 may be too low for the solar-like stars. In the solar neighborhood, the number ratio of M-type giants to C-type giants is ∼ 5 in Groenewegen (2002) , which is close to our results except for case 3. We consider that the small fraction of the observed C-rich giants in SSs may result from two respects: (i)The Crich giants may have high terminal velocity of the stellar wind v(∞). When we use the fit of v(∞) in Winters et al. (2003) , we should note that the sample of Winters et al. (2003) has 65 sources but only two of them are C-rich giants. Eq. (3) may be unsuitable for the C-rich giants. Comparing cases 1 and 8, one can find that v(∞) has a great effect on the number ratio of O-rich to C-rich SSs. We may have underestimated v(∞) of C-rich giants. (ii)The cool giants in SSs have high mass-loss rates. In cases 1 and 2, we use the mass-loss rates of Vassiliadis & Wood (1993) and Blöcker (1995) , respectively. The average massloss rate of the former is higher than that of the later during TP-AGB when the TDU occurs. The higher the mass-loss rate is, the more quickly the envelope mass decreases. According to Eq. (A2) in the present paper, the interpulse period τ ip increases with the envelope mass decreasing. A long τ ip reduces the TDU progressive number and the TDU efficiency λ. The large mass-loss rate is unfavorable for the formation of the carbon stars, which can be seen by comparing the number ratio of O-rich to C-rich SSs in case 1 with that in case 2. Miko lajewska (2007) suggested that both the symbiotic giants and Miras have higher mass-loss rates than single giants or field Miras, respectively. Therefore, the predicted number ratio of O-rich to C-rich SSs lower than the observational value may result from our underestimating the v(∞) of Crich giants and the mass-loss rates of the cool giants in SSs.
Based on the formation channels, C-rich stars are classed into two types. The intrinsic C-rich stars mean that the carbon observed in the atmosphere of the TP-AGB stars results from the third drudge-up. The extrinsic C-rich stars are the giants polluted by carbon-rich matter from the former TP-AGB companion. In this work, we consider the effects of the mass transfer in binary systems on the chemical abundances on their stellar surfaces (See §2.2). In order to check the above effects, we also carry out the simulations in which the mass transfer between the two components can not vary the abundances on their surfaces. The results are shown in the parentheses of columns 3 and 4 of Table. 2. The ratios of SSs with the extrinsic C-rich giants to the total C-rich SSs from case 1 to case 9 are 6.8%, 17.7%, 22.7%, 4.7%, 6.6%, 9.7%, 2.08%, 11.4% and 3.9%, respectively. The ratio is sensitive to the efficiency of TDU λ, the common envelope algorithm and the mass-loss rate. According to the discussions in §3.2, we know that a high mass-loss rate occurs in case 2 when carbon abundance is increased by the TDU. The extrinsic C-rich giants in case 2 are formed more easy than those in case 1. A low λ in case 3 can prevent the formation of C-rich stars including intrinsic and extrinsic C-rich stars. The high ratio in case 3 results from a small number of C-rich stars. Having undergone the α-algorithm common envelope evolution, the orbital period of binary system becomes to be several percent of that before common envelope evolution. With γ-algorithm in case 7, post-common-envelope systems are wider than with the α-algorithm in case 1 and this facilitates a symbiotic phenomenon, allowing more stars to evolve further along the FGB or AGB before the second RLOF (Paper I). In general, post-common-envelope systems hardly form the extrinsic C-rich stars but can form intrinsic C-rich stars. Therefore, the ratio of SSs with the extrinsic C-rich giants to the total C-rich SSs in case 7 is very low. In most cases, the fraction of extrinsic C-rich SSs in total C-rich SSs is lower than 10%. This indicates that the pollution of the carbon rich materials from the former TP-AGB companions on the cool components is weak so that most of C-rich giants in SSs are intrinsic Crich stars. Miko lajewska (2007) showed that all C-rich giants observed in SSs are intrinsic C-rich stars, which is in agreement with our results.
3.4.
12 C/ 13 C vs.
[C/H] of the Cool Giants in SSs
Using the infrared spectra of SSs, Schild, Boyle & Schmid (1992) and Schmidt & Miko lajewska (2003) gave the C abundance and 12 C/ 13 C isotopic ratio of the cool giants in 13 SSs with ±0.3 errors. Using high-resolution near-infrared spectra and the method of the standard local thermal equilibrium analysis and atmospheric models, Schmidt et al. (2006) calculated the abundance of the symbiotic star CH Cyg with the errors less than 0.3 dex for all the elements. Their observational data are shown in panels (10) Fig. 2 shows that 12 C/ 13 C and [C/H] of the cool giants in SSs are much higher than those from the observations. Schild, Boyle & Schmid (1992) used the synthetic spectra calculated for M giants by Lazaro et al. (1991) in which they analyzed M giants and obtained a low mean [C/H]=−0.64 ± 0.29. Lazaro et al. (1991) suggested that the standard mixing named as the first dredge-up (See Iben & Renzini 1983 ) is insufficient to explain atmospheric abundances in M giants. In our work, we use the standard mixing which only includes the first dredge-up.
12 C abundance on stellar surface is reduced by approximately 30% after the first dredge-up during the FGB (Iben & Renzini 1983) . Gratton et al. (2000) determined Li, C, N, O, Na and Fe abundances and 12 C/ 13 C isotopic ratios of 62 metal-poor field giants. They suggested that there are two distinct mixing stages along the red giant branch evolution of small mass field stars: (i) The first dredge-up, that is, the standard mixing; (ii) The second mixing episode which is also called the thermohaline mixing in Charbonnel & Zahn (2007) when the giants have a brighter luminosity. The thermohaline mixing can decrease 12 C abundances. Charbonnel & Zahn (2007) calculated several evolution models of a 0.9M ⊙ star and obtained the abundances which are consistent with the observational data in Gratton et al. (2000) . Recently, Eggleton et al. (2006 Eggleton et al. ( , 2007 confirmed a possible mechanism for such non-canonical mixing. Using 3D-modeling of a low-mass star at the tip of red giant branch, they found that the molecular inversion can lead to an efficient mixing and Pop I stars between 0.8 and 2.0 M ⊙ develop 12 C/ 13 C ratios of 14.5±1.5. The average of [C/H] in Schild, Boyle & Schmid (1992) is about -0.54 and the average 12 C/ 13 C is about 16. It range in our simulations is between about -0.05 ( case 3) and 0.15 (case 4) for [C/H] and between about 23.4 (case 3) and 37.2 (case 5) for 12 C/ 13 C, respectively. The main reason of the above disagreement is that the thermohaline mixing is not included in our simulation. In order to show the effects of the thermohaline mixing, we artificially decrease 12 C abundance of all giants with initial masses ≤ 2M ⊙ by a factor of 2.5 after the first dredgeup. The results are given in the right panel of Fig. 2 gives those of the cool giants in SSs, where 12 C abundance of all giants with initial masses ≤ 2M ⊙ is artificially decreased by a factor of 2.5 after the first dredge-up. In the panel of observations, the filled big-stars, the empty squares and triangle represent the observational values in Schild, Boyle & Schmid (1992) , those in Schmidt & Miko lajewska (2003) and those in Schmidt et al. (2006) , respectively. of Schild, Boyle & Schmid (1992) .
We believe that the thermohaline mixing can occur and give significantly different results although the observational samples of 12 C/ 13 C vs. [C/H] of the cool giants in SSs is small. However, due to poor knowledge on the thermohaline mixing, we can not carry out a detailed simulation. In the following sections, we do not discuss its effects any more.
Chemical Abundance of Symbiotic Nebulae
In this subsection, we discuss the chemical abundances of the symbiotic novae. In order to clarify the nature of the symbiotic nebulae, we need the observational abundances of novae and planetary nebulae. In this paper, the nova abundances come from Livio & Truran (1994) Nussbaumer et al. (1988) within a factor of 30%. According to IU E observations, HM Sge is still evolving towards higher excitation whereas V1016 Cyg and HBV 475 seem to have reached their maximum excitation (Nussbaumer & Vogel 1990 ). The outburst of PU Vul began late in 1977. Vogel & Nussbaumer (1992) gave the C/N and O/N abundances ratios in the early nebular phase. The observational results and our simulated results are shown in Fig. 3 .
The left and right panels (1)- (9) of Fig. 3 give the distribution of the relative CNO abundances of the cool companions and the ejected materials from the hot components during symbiotic novae, respectively. Panels (10) In the right panel of Fig. 3 , the distribution of C/N vs. O/N of the ejected materials from the hot companions during symbiotic novae is composed of two regions. The top region represents symbiotic novae with accreting ONe WDs. The bottom region represents those with accreting CO WDs. Compared with the observations, our results agree with those in Livio & Truran (1994) .
From the left panel of Fig. 3 , we find that the relative CNO abundances of the cool companions in our simulations are close to those of the observational symbiotic nebulae. However, comparing more carefully, one can find that many observed SSs lie in the transition from normal M giants with initial mass lower than 4M ⊙ (no hot bottom burning) to the super giants with higher initial mass. This agrees with Nussbaumer et al. (1988) . If we compare Fig. 3 with the observations, we find that the abundance ratios of most of observational symbiotic nebulae are between those of the cool giants and the ejected materials from the hot companions during symbiotic novae. This suggests that the compositions of the symbiotic nebulae may be modified by the ejected materials from the hot companions. Fig. 3 show the chemical abundances of the giants during the symbiotic stage and the ejected materials from the hot companions during the symbiotic novae, respectively. In the panels of observations, the filled big-stars, the filled triangles and the squares represent the observational values of the symbiotic nebulae in Nussbaumer et al. (1988) , those of PU Vul in Vogel & Nussbaumer (1992) (including C IV and N IV or excluding them) and those of Cyg, HM Sge and HBV 475 in Schmid & Schild (1990) , respectively. The circles in the left and right panels (10) of Fig.  3 represent the observational values of the planetary nebulae in Pottasch & Bernard-Salas (2006) and the novae in Livio & Truran (1994) , respectively.
As the panels (10) of Fig. 3 show, the abundance ratios of the symbiotic novae Pul Vul and HM Sge are like those of the novae while the ratios of V1016 Cyg and HBV 475 are similar to those of the giants. Pul Vul and HM Sge are still staying on the early phase of the nova outbursts whereas V1016 Cyg and HBV 475 may be staying on the decline phase. Vogel & Nussbaumer (1992) predicted that the chemical abundances of Pul Vul would become closer to those of red giants in the future. Therefore, we believe that the compositions of the symbiotic nebulae have been modified by the ejected materials from the hot companions during symbiotic novae. Can the modification only last t on like our assumption in §2.4? According to Table 2 , most of SSs are in the cooling phase of the symbiotic novae and the stable hydrogen burning phase. The symbiotic novae are only 18.3% (case 7) and 10% (case 9) of total SSs. However, most of the observed symbiotic nebulae have mixing CNO abundances, which means that the above modification should be common in all SSs. We showed the C/N and O/N abundance ratios of several typical SSs which stay in different phases in order to support the above the view of point.
Declining phase: AG Pegasi is currently in decline from a symbiotic nova outburst which began in about 1850. Based on multi-shell radio emission from AG Pegasi in Kenny, Taylor & Seaquist (1991) , the nebula can be divided into three parts. The outer nebula is thought to be the remnant of the 1850 outburst. The intermediate nebula may represent the pre-eruption mass loss from the cool component. Using a new colliding winds models including the effects of orbital motion, Kenny & Taylor (2007) suggested that the inner nebula originates from the colliding winds and has an expansion velocity of about 50 km s −1 . It takes about 1000 yr for the inner nebula to reach the region of the outer nebula. In general, the timescale of the cooling phases t cool is several hundred years. Therefore, during the cooling phase after the thermonuclear runaways, the ejected materials from the hot components have an effect on the chemical compositions of the symbiotic nebulae.
Multiple outbursts Quiescent phase: Sy Mus lacks any outburst activity and it is in the stable hydrogen burning phase (Miko lajewska 2007). Nussbaumer et al. (1988) showed that the C/N and O/N ratios in its nebulae are 0.97 and 1.9, respectively. These ratios are similar to those of super giant stars and are between those of giants and novae. This means that the chemical abundances of the nebulae of Sy Mus in the quiescent phase are modified by the ejected materials from the hot components.
Therefore, we suggest that it is quite common in SSs that the chemical abundances of the symbiotic nebulae are modified by the ejected materials from the hot WD surfaces. Fig. 4 show the chemical abundances of the giants during the symbiotic stage and the ejected materials from the hot companions during the symbiotic novae, respectively. In the panels of the observations, the filled big-stars, the filled triangles and the squares represent the observational values of the symbiotic nebulae in Luna & Costa (2005) , those of 5 symbiotic nebulae in De Freitas Pacheco & Costa (1992) and those of V1016 Cyg and HM Sge in Schmid & Schild (1990) , respectively. The circles in the left and right panels (10) of Fig. 4 represent the observational values of the planetary nebulae in Pottasch & Bernard-Salas (2006) and the novae in Livio & Truran (1994) , respectively. Schmid & Schild (1990) . Fig. 4 gives the distributions of the abundance ratios of Ne/O vs. N/O in all cases and observations. The left and right panels of Fig. 4 show Ne/O vs. N/O of the cool giants in SSs and the ejected materials from the hot components during symbiotic novae, respectively. The right panel of Fig. 4 shows that our results of the ejected materials from the hot companions during the symbiotic novae are less scattered than the observations of the novae in Livio & Truran (1994) . There are mainly two reasons. One reason is too small numerical samples in Kovetz & Prialnik (1997) and José & Hernanz (1998) . Another reason is a high uncertainty in observations with a factor of 2-4. In the right panel of Fig. 4 , the distributions of Ne/O and N/O are obviously cut into two regions. The left-up region of higher Ne/O originates from the ejected materials from the hot companions during the symbiotic novae with accreting ONe WDs and the middle-down region of lower Ne/O corresponds to the ejected materials from the hot companions during the symbiotic novae with accreting CO WDs. Panels (10) of Fig. 4 show that the abundance ratios of Ne/O vs. N/O in symbiotic nebulae are basically between those in the planetary nebulae and the novae. Our simulations also support this result. Therefore, the distributions of Ne/O vs. N/O reconfirm that the symbiotic nebulae are modified by the ejected materials from the hot components.
3.5.3. He/H vs. N/O Luna & Costa (2005) showed the distributions of the observational log O/N vs. He/H for 43 symbiotic nebulae. The mean error of log O/N is about 0.1 and the mean error of He/H is within ∼ 0.03. Costa & de Freitas Pacheco (1994) gave those of 5 symbiotic nebulae within an error of 0.038.
As the panels (10) of Fig. 5 show, there are many symbiotic nebulae whose helium abundances are much higher than those of the observational planetary nebulae in Pottasch & Bernard-Salas (2006) . The enhancement of the helium abundance in the stellar surface mainly depends on the third dredge-up. However, the left panels (1)-(9) of Fig. 5 show that the He/H ratios in the stellar surface of the cool giants in all SSs are basically lower than 0.2 in our simulations. The enhancement of the helium abundance in the symbiotic nebulae should originate from the ejected materials during the symbiotic novae. The observational He/H ratios of the classical novae in Livio & Truran (1994) range from 0.07 to 0.40. The observational distribution of He/H vs. log N/O also support that the symbiotic nebulae are modified by the ejected materials from the hot components. Unfortunately, as the right panels (1)- (9) of Fig. 5 show, our simulations do not offer high He/H ratios for the ejected materials from the hot components. A possible explanation is: if the mass-accretion rates of WD accretors are higher than the critical valueṀ WD (See Eq. (24) in Paper I), the nova outbursts are weak and a helium layer may be left on the surface of WD accretors. We call these novae as weak symbiotic novae (Paper I). If the mass-accretion rates of WD accretors are lower thanṀ WD , the nova outbursts are so strong that the WDs are eroded. Therefore, no helium layer is left. These novae are called as strong symbiotic novae. A typical symbiotic star can undergo dozens of nova outbursts (Paper I). For the weak symbiotic novae, a helium layer may be left on the surface of WD accretors after each outburst. When the next outburst occurs, the remnant helium can be dredged up and ejected (Iben et al. 1992 ). In addition, most WDs have been traditionally found to belong to one of the following categories: those with a hydrogen-rich atmosphere (the DAs) and those with a heliumrich atmosphere (the DBs). DA white dwarfs constitute about the 80% of all observed WDs. They have a thin hydrogen layers whose mass is lower than about 10 −4 M WD . Also, there is a helium layer (their mass is about 10 −2 M WD ) under the hydrogen layer (Althaus & Benvenuto 1998) . Iben & Tutukov (1985) calculated the distributions of helium, carbon and oxygen through the surfaces layers of a 1.05 M ⊙ DB WD coming from a case B mass-transfer event. They found the amount of helium near the surface is only about 10 −3 M ⊙ . González Pérez & Metcalfe (2007) tested the evolution of the DB white dwarf GD 358. They suggested that binary evolution describes better GD 358 and obtained the helium layer with a mass 10 −5.66 M WD . Therefore, when the first nova outbursts occurs, the hydrogen shell Fig. 5 show the chemical abundances of the giants during symbiotic stage and the ejected materials from the hot companions during the symbiotic novae, respectively. In the panels of the observations, the filled big-stars, the squares and the triangles represent the observational values of the symbiotic nebulae in Luna & Costa (2005) , those of 5 symbiotic nebulae in Costa & de Freitas Pacheco (1994) and those of V1016 Cyg and HM Sge in Schmid & Schild (1990) , respectively. The circles in the left and right panels (10) of Fig. 5 represent the observational values of the planetary nebulae in Pottasch & Bernard-Salas (2006) and the novae in Livio & Truran (1994) , respectively. flash will penetrate inward to the region where the abundance of H is ∼ 0.01 and a certain amount of the helium is dredged up (Iben et al. 1992 ). In the above situations, helium is overabundant. Our calculations may underestimate helium abundances of the ejected materials from the hot components during the symbiotic novae.
The helium of the symbiotic novae V1016 Cyg and HM Sge in Schmid & Schild (1990) is not overabundant. They may have undergone several strong symbiotic novae so that the WD accretors have no the helium layer. Their helium should be similar to our simulated result.
We suggest that the helium enhancement of the symbiotic nebulae stems from the modification of the ejected materials from the WDs with a helium layer. In our simulations, the ratios of the SSs being in the weak symbiotic novae and their decline phases to total SSs are between 25% (case 2) and 38% (case 9). The helium element of these symbiotic nebulae should be overabundant. The ratio of the symbiotic nebulae whose He/H is higher than 0.2 to the total of the symbiotic nebulae in Luna & Costa (2005) is 33.3%, which are in agreement with our results.
Conclusion
We have performed a detailed study of the chemical abundances in SSs and drew several important conclusions.
1. The initial-final mass relation has great effects on SSs' population and especially on the symbiotic novae with massive WD accretors. A steep initial-final mass relation result in an overestimated occurrence rate of symbiotic novae.
2. The number ratios of O-rich SSs to C-rich SSs in our simulations are between 3.4 and 24.1, and they are sensitive to TDU efficiency λ and the terminal velocity of stellar wind v(∞). Our simulation may have underestimated the terminal velocity of stellar wind v(∞) of C-rich giants and the mass-loss rate of the cool giants in SSs. The number ratio of SSs with extrinsic C-rich cool giants to all SSs with C-rich cool giants is between 2.1% and 22.7%. The TDU efficiency λ, the common envelope algorithm and the mass-loss rate have a great effect on it.
3. Comparing our 12 C/ 13 C vs. 5. Helium abundances in the symbiotic nebulae during the symbiotic novae are determined by whether the WD accretors have a helium layer or not in their surfaces. If they have a helium layer, helium is overabundant. If the WD accretors have only undergone strong symbiotic nova outbursts, they have no helium layer. The helium in the symbiotic nebulae ( like V1016 Cyg and HM Sge ) are not overabundant.
where coefficients a 1 , a 2 , a 3 and a 4 are shown in Table 7 of Karakas, Lattanzio & Pols (2002) and M 0 is thewhereṀ Reimers is given by Eq.(A12) but η = 0.02 (Stancliffe & Jeffery 2007) .
On other stellar evolutionary phase, the mass-loss rates are given by Reimers' formula (Reimers 1975) :
where L, R, M are the stellar luminosity, radius and mass in solar units and we use η=0.5.
A.8. Comparison with previously published yields by other models
In order to test our synthetic model of asymptotic giant branch stars, we compare the stellar yields in our model with previously published yields of van den Hoek & Groenewegen (1997) , Marigo (2001) and Izzard et al. (2004) . According to the definition of stellar yield in Izzard et al. (2004) , we write the total yield of isotope j by
where τ (M i ) is the entire lifetime of a star with initial mass M i , dM dt is the current mass-loss rate, X j and X 0 j refer to the current and initial surface abundance of the isotope j, respectively. Figure 6 shows the stellar yields of van den Hoek & Groenewegen (1997) [for the models of Z = 0.02, η AGB = 4.0 and m HBB = 0.8 (See Table 17 of van den Hoek & Groenewegen 1997)], Marigo (2001) (for the models of Z = 0.019 and the mixing length parameter α = 1.68), Izzard et al. (2004) [for the models of Z = 0.02 (See Table D2 of Izzard et al. 2004) ] and ours. In our models, all physical parameters are the same as those in case 1 except that we change binary systems into single star. As Figure 6 shows, the stellar yields of our models in general are in agreement with those in Izzard et al. (2004) or lie between those of van den Hoek & Groenewegen (1997) and Izzard et al. (2004) although our models produce more 15 N, and less 17 O at massive stars. Groenewegen (1997) , Marigo (2001) and Izzard et al. (2004) , respectively. Pluses are our results.
